Electron-acoustic waves have strong linear Landau damping, but are observed as nonlinear BGK modes in experiments with pure electron plasmas. The waves have phase velocity v<() w 1.3v, in agreement with theory, and the longest wavelength BGK states exhibit only relatively weak damping. Shorter wavelength modes exhibit a strong decay instability which can be experimentally controlled.
INTRODUCTION
Electron-acoustic wave (EAW) solutions of the linearized electrostatic Vlasov equations have usually been ignored due to their huge Landau damping (y/f > 1) on Maxwellian distributions. This strong linear damping follows from the wave phase velocity being comparable to the electron thermal velocity, that is, v$ = 2nf/k z ~ v. However, recent nonlinear theory and simulations [1, 2] found that electron trapping in the EAW electrostatic potential can result in undamped solutions, i.e. long-lived BGK modes. In essence, population of trapped particles makes the electron velocity distribution flat at the wave phase velocity, effectively turning off Landau damping.
The definitive feature of the EAW is that the density perturbation of "slow" electrons (with v < v<j)) is almost cancelled by an opposite-sign density perturbation of "fast" electrons (with v > v<j>). Thus, there is negligible electric restoring force. However, the corresponding pressure perturbations from fast and slow particles are vastly different; the restoring forces come mainly from the pressure of the fast electrons, and the mass of slow electrons provides the inertia. Note that this "self-shielding" feature of the density perturbations greatly reduces the wave electric coupling to wall antennas, making the EAW both hard to excite and to detect.
Experimentally, the required flat trapped-particle velocity distribution is obtained when a resonant driving electric field of moderate amplitude is applied to the wall for many trapping periods, i.e. hundreds of wave cycles. However, for the longest standing wave (m z -1, with A, = L p /2) this drive is also resonant with axial bounce motion since /EAW ~ 1.3v/2L p = 1.3/bnc-Thus, such drive causes significant bulk plasma heating due to bounce resonances [3] , which continuously changes both the electron thermal velocity and the EAW phase velocity.
In fact, it is possible to excite the EAWs at any of a broad range of frequencies above the minimal /EAW by keeping the drive at frequency / = /EAW + 8/ for a long enough 13 ATTACHMENT I 
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The measured TG mode frequencies correspond closely to the theory prediction, and only weakly depend on the plasma temperature or wavenumber m z since (v^/v) 2 » 1.
In our experiments on the EAWs, these TG modes serve as an independent reference point for the "finger-like" plasma wave dispersion curve that includes both the TG mode (upper) and the EAW (lower) branches [2] . Figure 2 shows the received spectrum A/(tj) of the EAWs after 150 cycles of resonant m z -2 mode excitation (during 0 < t < 13QUS). Even before the m z = 2 excitation stops (~ 130^/sec), the m z = 1 mode (f « 550 kHz) at half the m z = 2 frequency starts to grow. This 2 ->• 1 decay causes fast damping of the m z = 2 mode after the drive stops, and the m z -\ mode then damps due to collisions. Note that the display shows 2 decades in spectral power A 2 (from log 10 A^ = -1.5 -» -3.5), and no other waves are significant at intervening frequencies. Figure 3 shows the waveform A w (t) during this decay instability that effectively transfers energy from mode m z = 2 to mode m z = 1. At maximum amplitude the m z = 1 EAW has peak-to-peak density variations 5rc pp jn « 0.07, which translates to pressure fluctuations of more than 50% (from fast electrons). Later the m z = 1 EAW exhibits an exponential decay with a rate yi w 30 • 10 3 sec -1 . This damping is significantly decreased at higher electron temperatures. We speculate that this damping is due to electron-electron collisional restoration of the Maxwellian distribution function.
EXPERIMENTAL RESULTS
This m z = 2 to m z = 1 mode decay corresponds to a transition in z-v z phase space from 2 vortices to 1 vortex. The phase-space vortex merging dynamics can be controlled by applying small potential barriers (or wells) to the wall cylinders between the high m z wavelengths. Here smallness is in comparison to typical plasma potential <| >po ~ -30 V.
We observe experimentally that a (negative) potential barrier with amplitude -V sq ~ 2 V placed on the wall significantly slows the EAW decay to longer wavelengths, and a barrier with amplitude -V S q >3V completely stops the decay. This squeeze is applied 100 /us after the beginning of excitation, right before the high m z mode has reached its maximum. Figure 4 shows the received spectrum A/(tj) when the squeeze inhibits the decay. Instead of the original fast decay into the m z = 1 EAW (as in Fig. 2) , the m z = 2 mode now exhibits only collisional damping. Figure 5 shows exponential decay with 72 ~ 30 x 10 3 s -1 , which is the same as yi for the m z = 1 mode. Here further measurements are needed to characterize the full velocity distribution versus radius, since the EAW mode frequencies scale with v and incorporate several subtle cancellations.
In contrast, applying positive potential perturbations (attracting wells) to the wall cylinders between the high m z standing wavelengths, the vortex merging cascade has been significantly accelerated. near the predicted v^ « 1.3v. Quantitative predictions of \ § require knowledge of the full distribution function versus radius, which is not yet measured. The longest wavelength mode (m z =1) exhibits only a relatively weak damping due to electron-electron collisional diffusion of wave-trapped particles. Modes with higher m z wavenumbers show the predicted fast decay to longer wavelengths. This phase space-vortex merger can be suppressed by applying small potential barriers to the wall between the high m z vortices. Being prevented from the decay instability, the high m z modes exhibit the same rate of collisional damping as the m z -\ mode.
Note added in press: A similar decay instability of Trivelpiece-Gould modes in pure electron plasmas has been well characterized experimentally by H. Higaki [8] .
